Although bacterial infections of the urinary tract have received considerable attention in recent years, diseases of this system due to fungi have only been sporadically mentioned in the literature. The majority of cases reported have been instances of renal involvement secondary to dissemination of the fungi by the circulation. Only a few instances of primary diseases have been noted. With the increase in number of fungal infections observed in recent years," it would be expected that a similar rise might occur in the incidence of primary urinary tract infections due to fungi. Since the clinical appearance of fungal and bacterial infections of the kidney and bladder are often indistinguishable, the diagnosis must be made from information obtained by urine culture. Fungi frequently appear in the urine in small numbers and are usually discarded as contaminants by laboratory personnel. However, with the use of quantitative methods of culture, it is possible to distinguish a significant bacteriuria (or "funguria").' This report describes observations made on 15 patients whose urines contained large numbers of fungi.
MATERIALS AND METHODS
Urine specimens were obtained in male and female patients by "clean voided" technique. Previous observations have demonstrated that this is a satisfactory method of collection when quantitative bacteriological procedures are employed.28 8 Urine was diluted serially in nutrient broth and 1 ml. of a 1: 100 dilution incorporated into an agar pour plate. (Earlier in the work an additional plate was made with an aliquot of a 1: 10,000 dilution.) Additional samples of undiluted urine were inoculated into blood and desoxycholate agar plates and thioglycollate broth. Cultures were examined after incubation for 48 hours at 37°C. In this manner an estimate of the type and quantity of organisms was obtained and further identification performed by appropriate methods.
During the study of approximately 1,500 urines, fungi were occasionally found in small numbers (less than 1,000 organisms per ml. of urine) and these were considered to be contaminants. In 15 instances, however, larger numbers were encountered, and these were regarded as representing true fungus infections of the urinary tract.
Identification of fungi. Although various fungi have been isolated from urine, only yeasts were obtained in this study. The yeasts fall into three groups: Endomycetaceae, those producing ascospores; Sporobolomycetaceae, those producing ballistospores on sterigmata, and the Cryptococcaceae, those which do not produce ascospores or ballistospores. The yeasts isolated during this study were found to be Cryptococcaceae, the family which includes the general Candida, Rhodotorutla, Cryptococcus, and Torulopsis.*
The yeasts were inoculated to malt-yeast extract medium used for the maintenance of cultures. Before initiating studies to identify species of Torulopsis and Cryptococcus the organisms were inoculated to Zein medium to determine whether or not they were species of Candida. If such was the case, they were identified according to the method of Martin et al. ' When an organism failed to fall into the Candida group, it was then identified according to the methods of Wickerham'7 and Lodder and Kreger-Van Rij. '5 The yeast was subcultured to ascospore medium to rule out the presence of a member of the Endomycetaceae family. It was then inoculated to Christensen's urea medium' which is an excellent screening medium for the cryptococci. Study of the morphology of the organism was done according to the method of Wickerham; following this fermentation and carbon assimilation studies were done. The ability of the fungus to utilize KNO3 was investigated as well as the production of starch. With the information obtained from these studies, the yeast was then classified according to Lodder's taxonomic study.
OBSERVATIONS
In the 15 patients who had large numbers of yeasts in the urine, the counts ranged between 8,000 and 37,000,000 viable units per ml. of urine. Table 1 summarizes these cases. Thirteen of the patients were female, 2 were male. In an attempt to evaluate predisposing factors to this type of infection, a review of the patients' records revealed that 9 (7 female, 2 male) had diabetes mellitus, 3 had surgical procedures performed during the year prior to discovery of yeasts in their urine, and 12 had received antibiotics during this period. This latter group is interesting in that yeasts appeared in the urine in 9 of these 12 people during the course of treatment of a bacterial urinary tract infection.
The organisms isolated were of 2 genera, Torulopsis and Candida. As shown in Table 2 , these yeasts were equally distributed in the patients, with no apparent predilection for diabetics or nondiabetics.
*We are indebted to Dr. L. J. Wickerham, who verified the identity of several strains of yeasts isolated in this study. Table 1 ), a 66-year-old white female underwent a right nephrectomy in 1938 for chronic pyelonephritis. At that time diabetes mellitus was discovered; this had been controlled with diet and small amounts of insulin. In January 1956 amputation of the distal phalanx, right hallux was performed for osteomyelitis.
During this admission several urine specimens were obtained for bacteriological study. These cultures showed the following results:
1-7-56 no growth 1-9-56 >4,000,000* Torulopsis glabrata 2-22-56 >10,000,000 " " 2-23-56 >37,000,000 " " (bladder urine) >11,000,000 " " (left ureteral urine) 3-2-56 >100,000 " " (plus B. proteus) 3-15-56 >10,000
10-30-56 no growth 1-28-57 no growth 4-1-57 no growth
It should be emphasized that the patient received 1,200,000 units of penicillin and 1 gm. of streptomycin per day for 13 days prior to the discovery of yeasts in the urine. The presence of yeasts was noted before surgery was performed. Following cystoscopy (on 2-23-56), the patient developed frequency and burning on urination and B. proteus was isolated from the urine. This disappeared during treatment with streptomycin and chlortetracycline. The diminution in the number of yeast cells cultured in the urine during the B. proteus infection is interesting. Whether this was due to an unfavorable environment created by bacterial growth and subsequently accounted for complete disappearance of the yeast can only be speculated upon.
At cystoscopy it was noted that: "Bladder wall was trabeculated. The mucosa was a deep fiery red. In the trigone there was pseudomembrane formation." Biopsy of the bladder wall revealed marked submucosal lymphocytic infiltration, but was otherwise normal. Special stains did not reveal yeasts or bacteria within the tissue. Retrograde pyelogram demonstrated a spastic infundibulum to the upper pole of the left kidney which was thought to be possibly due to inflammation. Figure 1 shows the appearance of the urine obtained on February 22, 1956 ṽ~~~~r-ml. of urine at 5,000 rpm for 8 minutes yielded a sediment volume of approximately 1 ml. On microscopic study the urine was so laden with the yeast forms that it was impossible to decide about presence of pus cells.
2. R. R. (case number 11, Table 1 ), a 35-year-old white female, with diabetes mellitus of 16 years' duration and no history of previous genitourinary tract infection, was admitted to the hospital for evaluation of frequent headaches in February, 1956. Examination, including lumbar puncture and culture of spinal fluid, failed to reveal the cause of her complaints. Initial urine culture demonstrated the presence of >5,600,000 colonies of 'Torulopsis glabrata per ml. of urine. This organism was consistently cultured from the urine in large numbers (>100,000 per ml. urine) during the following 8 months. The patient has not been available for further study since that time. She had no symptoms referable to the genito-urinary tract throughout these observations. Intravenous pyelography revealed no abnornialities. Cystoscopy was not performed and there was no evidence of vaginal infection.
The persistent occurrence of large numbers of yeasts in the urine of these patients surely represents an abnormal state. Of the patients studied, 3 had fewer than 100,000 organisms per ml. of urine, 6 were examined only one time with no follow-up information available, and in 1 instance, although an initial urine culture revealed more than 100,000 viable units, a repeat culture 4 days later had only 3,700 colonies of yeast per ml. of urine. The remaining 5 cases had greater than 100,000 viable yeast cells per ml. of urine during 2 to 8 months of observation.
It is apparent from these data that it is often difficult to diagnose yeast infections of the urinary tract. Although the presence of large numbers of these organisms in the urine is abnormal, the significance of their transient appearance and the occurrence of asymptomatic infection is not clearly understood and will require further observation.
COMMENT HistoricaL In 1931 Lundquist7 described a case of primary fungus infection of the kidney ("mycosis renalis") and reviewed 17 cases previously published in the literature. Eleven of these were actinomycotic in nature, 3 were due to Candida, and there was 1 case each of Sporotrichosis and "Cryptococcus renalis." Renal involvement following hematogenous dissemination of Candida albicans frequently occurs14"'' ; however, primary kidney infection without evidence of systemic spread has only rarely been observed.1 Several patients with cystitis due to this organism have been noted.'" Two instances of urinary tract infection by members of the Penicillium species have been reported. Chute" in 1911 described a case of cystitis due to Penicillium glaucum, and in 1945 Gilliam and Vest' examined a patient with infection due to Penicillium citrium in whom this organism was cultured from the right kidney and bladder at autopsy.
Although Torulopsis glabrata was isolated in several instances during the present study, little information is available concerning its pathogenicity. In 1937 Black and Fisher' described a case of bronchopneumonia believed to be due to Torulopsis glabrata in a 10-year-old boy. Plaut's patient'M was a 31-year-old Chinese female who had granulomatous lesions of the cervix, endometrium, and fallopian tube associated with yeast-like organisms which were identified as Torulopsis glabrata, Wickerham" states that since March 1956 his laboratory has received 6 strains for identification, all isolated from human sources, 2 of which were associated with septicemia. The only reference made to the occurrence of urinary tract involvement with this organism is by Lodder and Kreger-Van Rij" who stated that one of the strains they studied was obtained from the urine of a patient with diabetes mellitus and cystitis. No further clinical description is given.
Pathogenesis. Torulopsis glabrata and Candida albicans have been isolated from the feces, skin, mouth and vagina in a varying proportion of apparently healthy individuals.2'5 40 That these organisms, and other fungi which are usually saprophytic, can invade tissue and establish infection locally has been asserted by Castellani," who described urethromycoses in males and vulvovaginomycoses due to strains of Candida (Monilia), Cryptococcus, Saccharomyces, Nocardia, Cladosporium, Aspergillus, and Penicillium. From such foci these fungi were able to enter the bladder, their passage often being facilitated by urethral instrumentation." The presence of fungi in small numbers in the urethra and bladder does not, in the majority of cases, result in infection. Factors which may alter host susceptibility in such a way as to permit development of a true infection include: pregnancy, diabetes mellitus, leukemia, and anti-leukemic drugs, general debility, anti-bacterial therapy, corticotrophin or cortisone therapy, and changes in environmental temperature and humidity.4 7' In addition, disorders of the urinary tract which cause stasis of urine flow tend to allow fungi to persist and multiply.
In the patients observed during the course of this investigation several of the factors mentioned may have played a role in the pathogenesis of mycotic urinary tract infection. Nine of 15 patients were diabetic, 12 had received antibiotic therapy within one year prior to appearance of fungi in urine and of these, 9 were being treated for bacterial kidney infection at the time of appearance of fungi in the urine. This latter group is interesting in light of Lepper's' observation of increased frequency of isolation of Candida from the urine of patients following the suppression of gram-negative bacteria with combinations of antibiotics which included tetracycline. A similar experience was encountered by Woods et al.,' who observed oral and bronchopulmonary moniliasis following the use of various antibiotics.
The influence of general physical debility, and possibly the post-operative state, on the occurrence of fungal infections is difficult to evaluate. This has been noted in infants and children.' The effects of concurrent disease, particularly leukemia, and the drugs used in these patients cannot be dissociated from the poor general state."'a Renal involvement has been noted following dissemination of fungi via the circulation, '4'5' is 9and although no review of this material is intended at present, two cases are of interest. Wessler and Browne and Schaberg et al.' each described a patient with disseminated candidiasis with survival, in whom the only persistent sequella appeared to be a chronic urinary tract infection with this organism.
Pathology. The small number of cases of primary renal fungus infection described in the medical literature permits only limited pathological observation. Also, the frequent association of a chronic bacterial infection prevents precise interpretation of histological findings. Nephrectomy was performed in two patients described by Albers,' both of whom had Candida infection superimposed on chronic bacillary pyelonephritis. In one, infected hydronephrosis with calculus formation was found, and in the other, pelvic leukoplakia. Although a species of Candida was cultured from the calyces in both instances, neither kidney had evidence of tissue invasion by the organism. In instances in which renal involvement occurred following hematogenous dissemination, the lesion appears to have a different character. Two of the cases presented by Schaberg et al.' had numerous abscesses throughout the kidney in which Candida was demonstrated culturally and histologically. Similar findings have been described by other authors.'-' Necro-tizing papillitis associated with C. albicans infection in a diabetic patient was described by Keye and Magee,' and we have observed a similar case. The patient described by Taylor and Rundle' had acute bilateral pyelonephritis with multiple 1-2 mm. abscesses throughout the renal parenchyma in which mycelia of Candida were seen. Although the organism was not cultured from the blood prior to death, the history of a preceding febrile illness associated with cough and sputum and the bilateral, miliary character of the renal lesions are evidences of hematogenous spread.
Cystoscopy in several patients with fungus infection of the urinary tract"' '"'l" revealed changes of acute and chronic cystitis, occasionally with membrane formation, and, rarely, ulceration." Biopsy of the bladder has shown chronic inflammatory changes in mucosa and submucosa with little tendency for the fungi to invade tissue. In our patient (case report No. 1) cystoscopy showed that the bladder was acutely and chronically inflamed, together with pseudomembrane formation. Histological examination revealed superficial inflammatory changes without evidence of fungi in the tissues.
Clinical manifestations. Lundquist' noted, "it seems that the process (of mycosis renales) clinically resembles suppurative pyelonephritis or frequent recurrent hematuria." The manifestations of primary fungus infections of the kidney appear indistinguishable from those due to the frequently accompanying bacterial infection. The patient with Penicillium infection of the urinary tract described by Gilliam and Vest' had episodes of recurrent hematuria, fever, and renal colic associated with ureteral passage of balls of mycelia of the organism. Taylor and Rundle" believed that the temporary diuresis in the course of otherwise progressive anuria noted in their patient may be indicative of intermittent ureteral obstruction by growths of fungi. A similar observation was made by Davis et al.' Intravenous and retrograde pyelograms in their patient revealed a nonfunctioning kidney with obstruction at the ureteropelvic junction which at nephrectomy appeared to be due to occlusion of the upper ureter by a "mass . . . of pus and large colonies of Candida albicans."
Cystitis due to fungi has been described, Candida and Penicillium being the causative organisms."""' Symptoms of dysuria, frequency, urgency, and nocturia are reported. These infections have a tendency to chronicity with occasional acute exacerbations. Increased severity of symptoms associated with proliferation of organisms in the urine has been noted following the administration of sulfonamides1 or mandelic acid1; whether this is related to suppression of asssociated bacteriuria is not clear. In vitro observations on this phenomenon by Paine' revealed that E. coli exerted a con-trolling influence on cultures of Candida, and this was removed when antibiotics were added to the medium.
Due to the similarity of symptoms which may occur with urinary tract infections caused by fungi or bacteria, clinical differentiation may be difficult. In those cases in which fungi are isolated in pure culture from the urine, diagnosis becomes easier. However, with the occurrence of mixed or secondary infection, establishment of an etiological diagnosis may require continued observation and frequent quantitative urine cultures.
Experimental. Torulopsis glabrata. Relatively few observations have been made on the effects of inoculating strains of Torulopsis glabrata into experimental animals. Lodder and DeMinjer' reviewed some of this work and stated: "Torulopsis glabrata may possess some pathogenicity." In 1952 Fernandez'7 inoculated five strains of this organism into rabbits, guinea pigs, rats, and white mice. Most consistent results were obtained in the last; lesions occurring particularly in the heart, liver, and kidney. When inoculation was intravenous or into the peritoneal cavity, the organism tended to be found within macrophages and the histopathological appearance was similar to that of histoplasmosis. The typical renal lesion, observed between the 10th and 20th day after intravenous inoculation, consisted of small abscesses confined mainly to the cortex.
Candida albicans. Following the intravenous injection of Candida albicans into rabbits, kidney lesions almost invariably occur, and these progress to produce renal failure and death due to uremia within seven days. In early experiments Ashford' noted the occurrence of large, infarct-like lesions in the renal cortex, and Stovall and Pessin4' demonstrated that these were not related to mechanical plugging of capillaries by the infected cells, but rather apppeared to be a manifestation of pathogenicity, i.e., the ability to grow and invade tissue. Employing strains of Candida of varying ability to produce disease in the rabbit, they demonstrated that a larger inoculum of an organism of feeble pathogenicity, with a mean cell diameter greater than that of a very virulent strain, did not result in such lesions in the kidney. Indeed, they were able to observe dissolution of these larger, less virulent, cells within renal capillaries when examined two and four hours after injection. In an excellent experimental study, Evans and Winner'" noted another type of response of the kidney to this organism. In addition to abscesses, a hyaline thickening of the basement membrane ("'glomerular hyaline necrosis") was observed to begin 48 hours after inoculation. The authors felt that capillary embolism by the fungus was not responsible for this lesion.
Numerous investigators have attempted to define more clearly the pathogenesis of Candida infection by various manipulations of the host-parasitedrug relationship in experimental animals. Seligmann's' description of the enhancement of Candida infection in mice by chlortetracycline has been confirmed by others. Since administration of the antibiotic by the intraperitoneal route was necessary to demonstrate this enhancement, it was suggested that a local irritative effect might be responsible. Winter and Foley" made further observations on this phenomenon and concluded that the widespread renal abscesses (cortex and medulla) seen following the intraperitoneal injection of Candida in mice are a result of hematogenous dissemination, while the extensive superficial lesions (almost exclusively confined to the cortex) which occurred in animals given one of the tetracycline drugs were due to direct invasion of the kidney along its peritoneal surfaces. In the antibiotic-treated animals, evidence of hematogenous spread occurred later and was not as extensive as in control group. Cortisone therapy resulted in findings identical to those observed in mice treated with antibiotics. Enhancement of infection and increased dissemination of organism has been noted following treatment of mice with formalinized suspensions of cells of S. cerevisiae and C. albicans." In regard to this latter observation, it is of interest that Blank,7 quoting unpublished observations of Roth, indicated that a toxin extracted from C. albicans by sonic vibration, when injected into mice combined with chlortetracycline, will result in uniform mortality. Injection of this toxin alone or antibiotic alone was without effect. The influence of environmental temperature on the course of candidiasis in mice has been studied. 8' Interpretation of the experimental data presented in the literature is difficult. Some of the conflicting reports may be due to variations in such interrelated factors as severity of infection, species and sex of animal, amount of drug, hormone, or antibiotic employed, and environmental temperature. Further investigation of the pathogenesis of these infections is needed, and great care must be exercised to reduce the experimental variables.
Treatment. The treatment of fungus infections of the urinary tract has been largely unsatisfactory. Mandelic acid, acidification of urine, sulfonamides, potassium permanganate and silver nitrate have all been employed unsuccessfully. Some cases have required nephrectomy and in several instances, infection has recurred following surgery."" During the past several years, much attention has been given to antifungal antibiotics and information concerning these substances has been sum-marized." The use of these substances appears to be a promising approach to the problem.
SUMMARY
During the course of examining approximately 1,500 urine specimens submitted to a hospital laboratory for bacteriological study, 15 instances were encountered in which culture revealed significant numbers of fungi per ml. of urine. The organisms isolated were species of Torulopsis and Candida. Pertinent clinical details regarding the 15 patients are given. Nine of them had diabetes mellitus, and 12 had received antibiotics during the preceding year; in 9 of the latter 12 cases the fungi had appeared during the course of treatment for bacterial infection of the urinary tract.
Previous publications on the subject of fungus infections of the urinary tract are reviewed. These take the form of primary involvement of the urinary tract, or may be part of a hematogenous dissemination. The former are usually confined to the bladder and urethra, and appear to be superficial infections with little tendency to tissue invasion. Renal involvement in the disseminated disease is characterized by the formation of miliary abscesses. Although various alterations in the host-parasite-drug relationship have been suggested as predisposing to fungus infections, the exact mechanism(s) involved are not well understood.
The occurrence and persistence of large numbers of fungi in the urine presumably represents true infection. The symptoms and clinical course of mycotic infections of the urinary tract are indistinguishable from those of bacterial involvement and the differential diagnosis depends on careful urine examination.
